We present an absolute extraction method of optical constants of metal from the measured reflection electron energy loss (REELS) spectra by using the recently developed reverse Monte Carlo (RMC) technique. The method is based on a direct physical modeling of electron elastic and electron inelastic scattering near the surface region where the surface excitation becomes important to fully describe the spectrum loss feature intensity in relative to the elastic peak intensity. An optimization procedure of oscillator parameters appeared in the energy loss function (ELF) for describing electron inelastic scattering due to the bulk-and surfaceexcitations was performed with the simulated annealing method by a successive comparison between the measured and Monte Carlo simulated REELS spectra. The ELF and corresponding optical constants of Fe were obtained from the REELS spectra measured at incident energies of 1000, 2000 and 3000 eV. The validity of the present optical data has been verified with the f-and ps-sum rules showing the accuracy and applicability of the present approach. Our data are also compared with previous optical data from other sources.
therefore, the data may not be smoothly joined. On the other hand, the electron energy loss spectroscopy [3] [4] [5] can provide alternative way for deriving information of dielectric response of solid to external electric field carried by electrons, which is, in principal rather different technique compared with optical methods. In recent years a technique based on the reflection electron energy loss spectroscopy (REELS) has been developed [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] to obtain optical constants in a rather wide range of energy loss of electrons (i.e. photon energy). The typical energy loss range is between 1 and 100 eV, while the measurements can be performed in once or may be several times under different experimental conditions but with the same spectrometer. Such an ability to derive optical constants in a wide photon energy range with only one spectrum is the main advantage of REELS comparing with the optical measurements. In addition, it also holds the opportunity to get the optical constants for nonzero momentum transfers.
In deriving the energy loss function (ELF),   Im 1     , and thereby the optical constants   n,k , where n ik   is complex dielectric function of the solid, from the measured REELS spectra the precise and accurate knowledge of the electron energy loss processes, i.e. the combination of multiple elastic scattering with the bulk-as well as surface-inelastic scattering of electrons interacting with the sample has a crucial importance. Aiming at extracting from REELS spectrum Many of the previous works [6] [7] [8] 16 used an analytical algorithm 17 to get the single inelastic scattering distribution, i.e. the differential inverse inelastic mean free path (DIIMFP), by neglecting completely the influence of the elastic scattering. The calculation procedure was later modified to include the effect of elastic scatterings by applying a scaling factor 9,10 , however, the obtained effective ELF has ambiguous physical meaning. In the same spirit, a REELS spectrum was analytically described as a convolution of multiple inelastic scattering contributed from surface and bulk excitations. 11, 12, 18 The weighting factors for the corresponding energy loss distributions represent only the partial intensity of electrons inelastically scattered in the solid. Although these attempts have promoted advances in understanding of electron interactions with solid surfaces and provided valuable optical data for some metals, 12 such analytical modeling has still serious problems: a) Calculations require pre-knowledge as input of inelastic mean free path (IMFP) and surface excitation parameter (SEP); b) Despite that the REELS spectrum intensity is scaled with the elastic peak intensity, without taking account of elastic scattering in the determination of optical constants the obtained data is not absolute, and therefore the ELF must be scaled by introducing artificial scaling factors; 12 c) Furthermore, the shape of the REELS spectrum is actually also sensitive to the ratio of cross sections between elastic scattering and inelastic scattering, and thus it has influence to the derived ELFs. d) Last but not least, the analytical algorithm 12 which includes surface excitation assumes homogenous scattering properties of a sample while the surface excitation is in fact depth dependent. [19] [20] [21] A significant improvement has been recently achieved based on a new numerical modelling, 15 Our MC simulation of electron trajectories is fully based on our knowledge of physical process of electronsample interaction and is the one of the most powerful numerical technique to surface analysis. 22 Employing the up-to-date MC simulation of electron scattering in the surface region the RMC method overcomes the drawbacks of an analytic method: a) Elastic scattering of electrons is taken into account completely, which ensures the absolute determination of the ELF values rather than a relative one. B) The multiple scattering effects including the surface excitation are taken into account in a well-developed MC technique 21 which has been proven to be the most accurate way so far for REELS spectrum analysis. We note, however, that such a physical model based MC simulation is quite time consuming and impractical to extract the optical data from comparison between measured spectrum and simulation. C) Therefore a probabilistic searching technique, the simulated annealing (SA) method 23 as one of MCMC methods, is employed to build a fast adapting procedure of ELF values through the optimization of oscillator parameters. The principle of SA method here is to find the global minimum of a potential function, defined as the overall difference between the measured and simulated REELS spectra, in oscillator parameter space.
Although absolute values of optical constants were obtained successfully by the RMC method for SiO2, 15 it still needs further improvements for elemental solids with complex electronic structures, such as transition metals. This is because the previous simplification, i.e. depth independent surface excitation, made in the calculation of DIIMFP becomes poor and limits quantitative evaluation of the characteristics of electronic excitation. In the present work, the framework of the RMC method is extended to allow the MC modelling of depth dependent surface excitations by integrating a more sophisticated approach to electron inelastic scattering. The surface mode of collective excitations 24 is due to the presence of sample boundary between material and vacuum. The real measurable electron energy loss spectrum is a superposition of energy loss spectra excited either in the bulk or in the surface region and therefor it must be decomposed. Although SEP, defined as mean number of surface plasmons excited by electrons moving across a solid surface, which can be obtained by integrating the surface component in DIIMFP, may be useful to investigate the effects of surface excitation in some studies; [25] [26] [27] but for an accurate MC simulation of REELS spectra we must use directly a spatial (depth and directional) dependent DIIMFP. Two typical models are usually apply to calculate the DIIMFP, i.e. the semi-classical one 20, 28 and quantum mechanical one 29, 30 , respectively. In our recent work the semi-classical model is used, partly because it gives, in most cases 31 , very close results with the quantum mechanical model, and partly and more importantly, because it is computationally more efficient than the quantum mechanical one.
In our present procedure of RMC, a trial ELF is parameterized as sum of a number of Drude-Lindhard functions:
where the 3N oscillator parameters, 
where   Each REELS spectrum at certain experimental condition yields one ELF of the sample. We have performed the RMC calculations to get ELFs for three energies to check their consistency. Fig. 3(a) shows that the agreement on the absolute intensity scale between the final simulated and experimental REELS spectra from elastic peak down to energy loss of 100 eV at primary electron energies of 1000, 2000 and 3000 eV are all excellent. Hhere the intensity is scaled with that of elastic peak as shown by the inset of Fig. 3(a) . To reveal the importance of surface excitations, we have calculated REELS spectra contributed only by pure bulk excitations. The contributions of surface excitations in this case are decomposed by subtraction the pure bulk contributions from the full spectra, as displayed in Fig. 3(a) . The corresponding ELFs, for the three energies obtained directly by RMC in absolute values and without resorting to any normalization procedures are illustrated in Fig. 3(b) , together with corresponding surface ELFs. We found an overall consistency as expected. To check the accuracy of these ELFs, f-and ps-sum rules were calculated, which are defined respectively by,
where 2 4 p a e n e m   and a n is the atomic density sample. The obtained results are summarized in Table I , where the data above 100 eV are taken from measurements performed by Henke. 33 The nominal
theoretical values for f-and ps-sum rules are the atomic number (Z=26 for Fe) and 1, respectively. We found that for all three energies the obtained values are very close to the nominal theoretical values and the relative errors are very small for both sum rules. This clearly indicates that our calculated ELFs gives reasonable optical properties of Fe sample from the near visible to the soft x-ray photon energy region. Therefore this also confirmed that our MC simulation with a combination of inelastic scattering cross section calculated by a semi-classical dielectric functional approach and Mott's cross section for elastic scattering describe accurately the electron transport processes. The sum rules calculated taking average over the three energies, are also given in Table I. To minimize the uncertainties, we take an average over the ELFs for the three energies. Fig. 4 shows the averaged ELF in comparison with the results of Werner, 12 Palik 1 and Henke. 33 In the low energy loss region calculated by a dielectric response theory 34 and compared with the NIST data 35 in Fig. 6 . A good agreement with TPP-2M formula 36 and the elastic peak electron spectroscopy (EPES) measurements by Lesiak et al. 35 demonstrates the ability of the present RMC method for the determination of IMFP from REELS spectra.
Note that, by virtue of a comprehensive description of experiment, REELS excels EPES in that the IMFP can be fundamentally deduced in the whole energy range with one measurement of REELS spectra at one primary energy rather than separate measurements of EPES at required primary energies.
In summary, we have obtained ELF and optical constants of iron in energy range between 0-100 eV from the measured REELS spectra with the help of the recently developed RMC technique. The f-and ps-sum rules for the energy averaged ELF are, respectively, are 25.99 and 1.04 with relative errors of -0.038% and 4.0%.
The ELF used in the REELS spectrum simulation is approximated as the sum of the Drude-Lindhard type functions whose parameters are determined by a global optimization with a MCMC method. The optimization procedure modulates the simulated REELS spectrum to approach the measured one. 
